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Shape data examined are (A) roundness, (B) axis ratio, (C) number of stable points and (D) number of unstable points; the latter two were not available for White Sands data. Data points represent average values.
Evolution of equilibrium points for the wave data 
Effect of fragmentation on axis ratio and circularity
Here we demonstrate on a simple example that fragmentation strongly effects the evolution of axis ratio, but has a much smaller effect on the evolution of R. Consider a rectangular particle with side lengths a = 1 and b < 1. The axis ratio is then b, while circularity is 2(b+0.5) 2 . The functions β and γ as well as the ratio of them (β/γ) are illustrated in Figure S3 . It is clear that for elongated rectangles (b < √ 2/2) where fragmentation typically occurs, axis ratio is affected more strongly by fragmentation. When fragmentation occurs in the numerical model, the typical value for axis ratio is b/a ≈ 0.5 for which β/γ is the largest.
ig. S3 , γ and β/γ.
Estimating transport distance for the beach data
The field data from Marina di Pisa, Italy differ from all other field data in the sense that transport is inherently not unidirectional on a beach, so transport distance cannot be measured as simply as in the river or unidirectional dune field we studied. However, the total transport distance can still be estimated with the following method which provides a new tool to directly compare mass loss rates between coastal and fluvial or eolian settings. In each recovery, displacements of the tracer pebbles compared to their original positions were recorded. Figure S4A presents the mean square displacements (M SD) against time for the four recoveries reported in this paper as well as for three, previously published other recovery campaigns carried out on the very same beach with similar pebble samples. These previously published recoveries were carried out after 6 hours, 24 hours and 2 months of transport as described in Methods, so our data span a wide range of transport times from 6 hours to more than 1 year. Since the pioneering work of Einstein it is known that M SD grows linearly with time for particles undergoing Brownian motion. Our measured data are not far from this linearity (the best fit exponent of a power law relationship is 1.25 which is fairly close to 1), suggesting that pebbles on the beach undergo a diffusive process which can be described by a 2-dimensional random walk (also called . β f Pearson's random walk). In this simplistic random walk model pebbles move along the beach in steps where each step is of length l along a straight line in a random direction on the plane. The expected distance d from the origin after N steps is d = √ N l, so for the mean square displacement we have M SD = N l 2 and thus for the total transport distance x = N l we have x = M SD/l. By approximating the step length as roughly equal to a grain diameter, l ∼ b ≈ 10 cm, we obtain estimates for the total transport distance x; these estimated distances are plotted against the measured mass loss values in Figure S4B . The mass of pebbles (m) decreases exponentially with transport distance (x) in accord with Sternberg's law: m = m 0 e −kex . By fitting this exponential trend to the data we estimate the diminution coefficient to be k e ≈ 0.013 km −1 ; this value is in the same range as typical values found in experiments for river attrition. 
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